Clinics in Orthopedic Surgery • Vol. 10, No. 3, 2018 • www.ecios.org ingly been treated surgically by the ilioinguinal approach and fixation with lag screws and a buttress plate on the pelvic brim. 5) However, a major disadvantage of the ilioinguinal approach is possible damage to the neurovascular bundle and the lymphatic structures in the intermediate part of the approach. To prevent these complications, the modified Stoppa approach, alone or in combination with the lateral window of the ilioinguinal approach, has been advocated for use. [6] [7] [8] [9] The minimally invasive approach can reduce the risk of developing complications associated with the classic ilioinguinal approach; however, it also has the risk of bleeding from the corona mortise and inguinal hernia.
Because of these risks, we developed a less invasive surgical technique, the anterior iliac approach and compression osteosynthesis, for the treatment of high anterior column fractures. The anterior iliac approach is almost the same as the use of a lateral window in the classic ilioinguinal approach and compression osteosynthesis is achieved by interfragmentary compression using lag screw(s) and a plate. The objective of this study is to describe the surgical technique and investigate the clinical and radiographic outcomes of this novel less invasive anterior iliac approach and compression osteosynthesis for high anterior column fractures of the acetabulum.
METHODS
We conducted this study in compliance with the principles of the Declaration of Helsinki. The protocol of this study was reviewed and approved by the Institutional Review Board of Daegu Fatima Hospital (IRB No. DFE17O-RIO021). Between 2006 and 2015, 19 consecutive patients with an isolated high anterior column fracture were treated by a less invasive anterior iliac approach, which is almost the same as the lateral window of the classic ilioinguinal approach, and compression osteosynthesis. Patients who had associated fractures such as T-shaped fractures, anterior column and posterior hemitransverse fractures, and both-column fractures were excluded from the study.
Patient demographics, the cause of injury, associated injuries, time to surgical reconstruction, and operation time were collected from the medical records. Three standard radiographs (anteroposterior, iliac oblique, and obturator oblique views) and computed tomography (CT) scans were used to clarify the fracture pattern and displacement of fracture fragments. The quality of fracture reduction was assessed by postoperative standard radiographic views and CT scans and graded as anatomical (displacement, 0-1 mm), imperfect (displacement, 2-3 mm), and poor (displacement, > 3 mm) according to Matta's criteria.
2) Patients were prospectively followed up at 1, 2, 3, 6, and 12 months after surgery. None of the patients was lost to follow up. During the follow-up, standard radiographs were obtained and clinical findings such as pain, walking, the range of motion of both hips, and the level of activity were examined. Clinical and radiographic grades were assessed according to Matta's criteria at the last follow-up.
2) Data on postoperative complications including infection, neurovascular injury, heterotopic ossification, loss of reduction, deep vein thrombosis, and posttraumatic osteoarthritis of the hip were also retrieved.
Operative Technique
The patient is placed supine on a radiolucent operating table to allow for intraoperative manipulation of the affected lower extremity. The fracture is exposed through the anterior iliac approach, which is almost the same as the lateral window of the classic ilioinguinal approach (Fig. 1) . The incision starts at the junction of posterior and middle third of the iliac crest, curves toward the anterior superior iliac spine, and ends 1-2 inches medial to the anterior superior iliac spine. The lateral femoral cutaneous nerve is exposed and protected. The iliopectineal fascia is detached from the iliopectineal eminence to place a buttress plate and to insert an infra-acetabular screw. Complete, displaced fractures of the iliac wing are reduced and fixed first with a long screw or a reconstruction plate and screws. Incomplete fractures of the iliac wing at the level of the iliac crest are not completed to reduce the anterior column fracture.
In high anterior column fractures not involving the quadrilateral plate, fracture reduction and compression osteosynthesis are performed as follows (Fig. 2) . (1) The anterior column fracture is reduced by compressing the displaced anterior column using a colinear reduction forceps (Synthes, Zuchwil, Switzerland). (2) One or two lag screws (a 3.5 mm or 4.5 mm cortical screw or a 6.0 mm cancellous screw) are inserted in the supraacetabular area to obtain interfragmentary compression. (3) A 4.5 mm under-contoured narrow limited contact dynamic compression plate or a 4.5 mm reconstruction plate is placed on the pelvic brim and fixed with two 4.5 mm cortical screws through the two proximal holes of the plate placed on the intact ilium just lateral to the sacroiliac joint for additional compression and buttress of the anterior column fracture. The lag screws and the screws in the plate holes are tightened alternatively to obtain maximum interfragmentary compression without breaking the cortical bone. The plate is fixed additionally with one or two 4.5 mm cortical screws through the plate hole in the Clinics in Orthopedic Surgery • Vol. 10, No. 3, 2018 • www.ecios.org supra-acetabular area as in the lag screw technique. (4) An infra-acetabular screw is inserted additionally to increase the fixation strength whenever possible. In high anterior column fractures with a displaced quadrilateral plate fracture, fracture reduction and compression osteosynthesis are conducted as follows (Fig. 3) . (1) The anterior column fracture is reduced by compressing the displaced anterior column with use of a colinear reduction forceps. One or two lag screws (a 3.5 mm or 4.5 mm cortical screw or a 6.0 mm cancellous screw) are inserted in the supra-acetabular area to obtain interfragmentary compression of the anterior column fracture. (2) The quadrilateral plate fracture is reduced with use of a colinear reduction forceps. (3) An over-contoured spring plate which was made preoperatively with a 3.5 mm 7-or 8-hole reconstruction plate is placed on the quadrilateral plate and the supra-acetabular area of the anterior column. The plate is pulled laterally with use of a pointed reduction forceps to compress the quadrilateral plate, and three or four 3.5 mm cortical screws are inserted eccentrically through the plate holes as in the lag screw technique for additional compression and buttress of the anterior column and the quadrilateral plate. 
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Postoperative Rehabilitation
Continuous passive motion or active motion of the hip is started after postoperative pain is sufficiently reduced with analgesics, usually postoperative day 3. Partial weightbearing of a maximum of 20 kg is allowed at 3 weeks after surgery. Full weight-bearing is allowed at 6-8 weeks depending on fracture healing and muscle strength.
RESULTS
Nineteen patients with an isolated high anterior column fracture were included in this study. The mean age of patients was 47.8 years (range, 16 to 69 years), and 16 patients were male. The mean time from injury to surgery was 6.3 days (range, 3 to 12 days). The mean operation time (skin to skin) was 145 minutes (range, 100 to 220 minutes). The average follow-up was 42 months (range, 12 to 115 months). The mechanism of injury was as follows: 10 motor vehicle accidents, seven falls, one cycling accident, and one direct impact to the pelvis. Eleven patients had the associated injuries (Table 1) . Of the 19 fractures, 12 were incomplete high anterior column fractures where the fracture line did not reach to the iliac crest. Twelve fractures involved the quadrilateral plate, while the other seven did not. According to Matta's criteria, anatomical reduction was achieved in 17 patients and imperfect reduction in two patients (Table 2) . According to Matta's criteria, clinical results were excellent in 17 patients and good in two patients, and radiographic results were excellent in 17 patients and good in two patients at the last follow-up (Table 3 ). The clinical results were excellent in all patients with anatomical reduction.
No patient in the series had loss of fracture reduction on any postoperative radiograph. Postoperative infection, heterotopic ossification, and posttraumatic osteoarthritis of the hip did not occur in any patient. There were no patients with an injury to the femoral vessel or nerve. However, 10 patients had neurapraxia of the lateral femoral cutaneous nerve related with the approach. Seven of them resolved completely without treatment, but three improved incompletely at the final follow-up. One patient had deep vein thrombosis. One patient had an injury to a small branch of the internal iliac artery during the procedure, which required pelvic packing and embolization of the artery.
DISCUSSION
Since Letournel 10) introduced the ilioinguinal approach in the 1960s, it has been adopted by many surgeons as the principal anterior surgical approach for the treatment of acetabular fractures for several decades. 3, 5, 10, 11) The classic ilioinguinal approach provides excellent access to the anterior and internal aspects of the entire pelvis and acetabulum. However, most of the complications are related to the neurovascular bundle and lymphatic structures and arise in the intermediate part of the ilioinguinal approach. Therefore, less invasive approaches have been developed to avoid surgical dissection of the second window of the approach. [6] [7] [8] [9] 12, 13) In 1994, Cole and Bolhofner 7) reported the use of the modified Stoppa limited intrapelvic approach for open reduction and internal fixation of acetabular fractures. This limited approach has well-known advantages of direct visualization, reduction, and plate fixation of medially displaced acetabular wall fractures as well as the avoidance of exposing the second window of the classic ilioinguinal approach. For these reasons, the modified Stoppa approach has gained popularity for use alone or in combination with a limited ilioinguinal approach using the lateral window. [6] [7] [8] [9] 13, 14) However, the modified Stoppa approach also carries the risk of bleeding from the corona mortise, injury to the obturator nerve and superior gluteal artery, and inguinal hernia. 6, [13] [14] [15] [16] In the current study, the high anterior column fracture was exposed only through the anterior iliac approach, which was almost the same as the lateral window of the classic ilioinguinal approach; therefore, major complications related to both of the ilioinguinal approach and the modified Stoppa approach could be avoided. However, injury to the lateral femoral cutaneous nerve could not be avoided because of applied tension to the nerve during the procedure. Injury to the lateral femoral cutaneous nerve has been reported in 12%-57% of patients treated with the ilioinguinal approach. 1, 3, 12) In our series, 10 patients had symptoms of neurapraxia of the lateral femoral cutaneous nerve, which resolved completely in all but three patients at the final follow-up. Care must be taken to avoid damage to the nerve by reducing tension of the nerve during the procedure.
Through a smaller incision, this anterior iliac approach offers sufficient exposure for fracture reduction and compression osteosynthesis of the high anterior column fracture. In cases of high anterior column fractures, the weight-bearing dome of the acetabulum must be reduced anatomically; however, the distal portion of the high anterior column fracture which is the superior pubic ramus fracture does not need anatomical reduction because this portion is not the weight-bearing dome. This concept led us to develop the less invasive surgery of compression osteosynthesis with limited fixation through the limited anterior iliac approach. In this study, the mean operation time of 145 minutes was relatively short though the composition of the patient cohort was different from other studies. 9, 12, 13, 17, 18) The quality of reduction was satisfactory. Anatomical reduction was achieved in 17 patients and imperfect reduction in two patients, but there were no patients with poor reduction.
Anterior column fractures can be divided into several subtypes depending on the completeness of the iliac wing fracture and the presence of the quadrilateral plate fracture. Occasionally the anterior column fracture is incomplete at the level of the iliac crest. In such circumstances, there may be plastic deformation of the bone in the very thin central portion of the iliac wing. According to the literature, it is often impossible to achieve complete reduction without osteotomizing the iliac crest; therefore, the first step of reduction may be to complete the partial fracture in the iliac wing. 19 ) However, we thought that accurate reduction of the fracture may be difficult to achieve after osteotomizing the iliac crest to make a complete fracture because of plastic deformation of the bone. In our series, all incomplete fractures in the iliac wing were reduced successfully without completing the partial fracture in the iliac wing. If the incomplete fracture of the iliac wing is not osteotomized, surgery may be rather simple and the operation time can be shortened because it does not need osteotomy and stabilization.
The anterior column fracture without the quadrilateral plate fracture was fixed with the under-contoured plate placed on the pelvic brim for interfragmentary compression and buttress of the fracture. The anterior column fracture with the quadrilateral plate fracture was fixed with the overcontoured spring plate for interfragmentary compression and buttress of both of the anterior column fracture and the quadrilateral plate fracture. Additionally, an infra-acetabular screw was fixed to improve fixation strength whenever possible. 20) These fixation techniques provided sufficient stability to allow immediate mobilization of the patient and the hip joint after surgery; therefore, no patients had loss of reduction and the functional outcome was satisfactory.
Limitations of our study are the small number of patients and the retrospective study design involving consecutive patients. Considering the low incidence of anterior column fractures of the acetabulum, a multicenter study including a longer follow-up and a larger series of patients is necessary to determine the validity of our less invasive surgery. In addition, this study is not a randomized controlled trial but a retrospective analysis of consecutive patients. The low incidence of anterior column fractures is the major obstacle to randomized controlled trial design in this field. However, the quality of reduction and clinical results in our series are comparable to those of other studies. 5, 17, 18) Our less invasive surgical technique of the anterior iliac approach and compression osteosynthesis is a useful addition to the existing techniques in the treatment of high anterior column fractures of the acetabulum. Despite the limited approach and fixation, this technique provides sufficient exposure for reducing and fixing the fracture and adequate stability to allow immediate mobilization of the patient after surgery. With this technique, most complications related to the classic ilioinguinal approach can be avoided and the comparable quality of reduction and stable fixation can be achieved.
